Lipopolysaccharide (LPS) is an endotoxin which induces septic shock syndrome and stimulates the production of inflammatory mediators such as NO, tumor necrosis factor-a (TNF-a), interleukins, prostanoids and leukotrienes. [1] [2] [3] These mediators frequently result from excessive stimulation of the host immune system through complex signal transductions and lead to hypotension and multiorgan dysfunction with a high mortality rate. 4, 5) In patients with sepsis, TNF-a plays a major role in the associated systemic toxicity.
These mediators frequently result from excessive stimulation of the host immune system through complex signal transductions and lead to hypotension and multiorgan dysfunction with a high mortality rate. 4, 5) In patients with sepsis, TNF-a plays a major role in the associated systemic toxicity. 6) Loss of hepatic function is one of the hallmarks of the development of multiple-organ failure associated with severe sepsis. 7, 8) There have been reports that the synthetic compounds IRFI 042, 9) tyrphostin AG 126, 10) and SR 27388 11) show significant protection against lethality due to septic shock, and lysophosphatidylcholine (LPC) can effectively prevent and treat sepsis and microbial infections. 12) Recently, protective compounds against sepsis have been reported from medicinal plants. 13, 14) The protective activity against sepsis-induced lethality of the methanol extracts of about 100 Korean medicinal plants was determined based on the sepsis model induced by lipopolysaccharide/D-galactosamine, from which Saururus chinensis (Saururaceae) was chosen as one of the active plants. Saururus chinensis (Saururaceae) is a perennial herbaceous plant with potential therapeutic utility in treatment of various diseases such as edema, jaundice, gonorrhea, anti-pyretic, diuretic, and anti-inflammatory agents in Korean folk medicine. 15) Previous chemical studies of the genus Saururus have shown the presence of more than 20 lignans, [16] [17] [18] [19] some of which exhibited neuroleptic, 20) hepatoprotective, 21) and antifeedant activities. 22) A triene, 12,13-dehydrogeranylgeraniol, was recently demonstrated to inhibit intracellular reactive oxygen species (ROS)-catalyzed oxidation within HL-60 cells. 23) Different types of compounds have also been isolated from Saururus species including aristolactams, flavonoids, anthraquinones, and fruanoditerpenes. [24] [25] [26] [27] In this paper, the isolation and activity of twelve known lignans as anti-septic shock agents from the roots of this plant are described.
MATERIALS AND METHODS

General Procedures
Melting points were measured by Fisher-Johns melting point apparatus and are uncorrected. Optical rotations were measured using a JASCO DIP-1000 (Tokyo, Japan) automatic digital polarimeter. The NMR spectra were recorded on a Bruker 250 MHz (DMX 250, Germany) spectrometer using Bruker's standard pulse program. Samples were dissolved in CDCl 3 -d 1 6, 2007 layer was partitioned with n-hexane, EtOAc and BuOH (each 1.4 lϫ3), successively. The EtOAc extract (130 g) was loaded on a silica gel column (60ϫ12 cm, Silica-gel 70-230 mesh), and the column was eluted with n-hexane-EtOAc (gradient from n-hexane 100% to EtOAc 100%) and then EtOAc-MeOH (gradient from EtOAc 100% to MeOH 100%). The eluent was combined on the basis of TLC, giving 39 fractions (SCE1-39). The fractions 4, 11, 22, 29, 32 and 34 gave sarisan (1, 307.4 mg, colorless oil), 28) erythro-austrobailignan-6 [ intraperitoneally in a volume of 1 ml/100 g body weight. Solvent extracts and purified compounds of the plant were dissolved in 10% dimethyl sulfoxide (DMSO). Dexamethasone (10 mg/kg) was used for the positive control experiment.
LPS/D-GalN-Induced Lethality and Cytokine Measurements Mice were injected intraperitoneally with crude solvent extracts or purified compounds of the plant or vehicle 30 min before intraperitoneal injection of LPS/D-GalN. The survival rate was recorded once daily for up to 3 d. For cytokine measurements, blood was collected at various time points (0, 1.5, 3 h) after LPS/D-GalN administration from the retroorbital venous plexus and centrifuged at 4000 rpmϫ15 min at 4°C. Plasma samples were stored at Ϫ20°C until assayed. Plasma levels of TNF-a and IL-10 were measured with an enzyme-linked immunoassay kit (Genzyme, U.S.A.). The sensitivity limits of TNF-a and IL-10 were 3 pg/ml and 13 pg/ml, respectively. Assays were performed exactly as described by the manufacturer.
Alanine Aminotransferase Analysis Liver damage was evaluated by measuring plasma alanine aminotransferase activity using an ALT kit (Yeongdong Pharmaceutical Corp., 524 Vol. 31, No. 3
Fig. 1. Chemical Structures of Compounds 1-12
Seoul, Korea) according to the Reitman-Frankel method. Mice were pretreated with crude extracts intragastrically or with purified compounds of this plant intraperitoneally 30 min before injection of D-GalN (800 mg/kg) and LPS (36 mg/kg). Blood (400 ml) was collected 3 h after injection of D-GalN and LPS by puncturing the retroorbital venous plexus. Plasma was separated by centrifuging at 400 rpm. Plasma samples were diluted to 1 : 20 with saline prior to ALT measurement. Assays were performed exactly as described by the manufacturer. Statistical Analysis Statistical analysis was carried out using one-way analysis of variance (ANOVA). Bonferroni and Newman-Keuls tests were used for post-hoc comparisons. Probability (p) values of less than 0.05 were considered to indicate statistical significance.
RESULTS AND DISCUSSION
The methanol extract of the roots of Saururus chinensis was partitioned by solubility to different solvents, giving nhexane, ethyl acetate, n-buthanol and water extracts and then dried. When each of these solvent extracts (100 mg/kg) was pretreated with the LPS/D-GalN-induced lethality model, the groups of mice pretreated with the ethyl acetate and water extracts showed higher survival rates, 80% each, than others with the control value of 20% (Table 1) . The ethyl acetate extract was further chromatographed on a silica gel column, a preparative TLC and a reverse-phase gel column to afford twelve lignan compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Their structures were characterized as sarisan (1), erythro-austrobailignan-6 (2), meso-dihydroguaiaretic acid (3), saucerneol B (4), manassantin B (5), manassantin A (6), rel-(8R,8ЈR)-dimethyl-(7S,7ЈR)-bis(3,4-methylenedioxyphenyl)tetrahydro-furan (7), (ϩ)-saururinone (8), sauchinone (9), sauchinone B (10), nectandrin B (11), and machilin D (12) . Their structures were identified by comparison of their 1 H-and 13 C-NMR and MS data and optical rotations with the public values. 18, 21, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] Additionally, compounds 2, 3, 7, 8 and 12 were isolated for the first time from this plant.
Among the purified compounds, 9 and 10 showed the strongest protective effect against lethality induced by LPS/D-GalN ( Table 2 ). As shown in Table 3 , pretreatment of mice with 9 and 10 at doses of 3, 10, and 30 mg/kg increased survival rates to 40%, 80%, and 80%, and 60%, 80%, and 80%, respectively, compared with 20% in the control experiment (1 d), while pretreatment with dexamethasone as a positive control at the same doses increased survival rates to 60%, 80% and 100%. As an initial mechanistic study, levels of TNF-a and IL-10 in plasma samples of mice treated with 9 and 10 (10 mg/kg) were measured and compared with those of the control LPS/D-GalN group (Fig. 2) . At one and an half hours after treatment with LPS/D-GalN, the level of TNF-a in plasma samples of mice pretreated with 9 and 10 (10 mg/kg) decreased significantly to 16 and 18 ng/ml, respectively, compared with 24 ng/ml of the control LPS/DGalN-treated group. No significant changes in levels of IL-10 after pretreatment with 9 and 10 were observed. To investigate the effects of 9 and 10 on liver damage due to LPS/DGalN administration in mice ALT values were measured and compared with that of dexamethasone as a positive control (Fig. 3) . Animal models pretreated with 9, 10 and dexamethasone (10 mg/kg) showed 38%, 45% and 78% reductions, respectively, of ALT activity in plasma samples of mice, compared with that of the control LPS/D-GalN-treated group. In conclusion, 9 and 10 were identified as active compounds protecting sepsis in an animal model from the roots of Saururus chinensis and protected 80% of mice from LPS/D-GalN induced death at a dose of 10 mg/kg. The protective effect of 9 and 10 against LPS/D-GalN induced lethality may occur through downregulation of TNF-a and hepatoprotection. Previous papers reported that 9 inhibited LPS-inducible iNOS, TNF-a, and COX-2 expression in Raw264.7 cells through the suppression of I-kBa phosphorylation and p65 nuclear translocation and of C/EBP and/or AP-1 activation. 44, 45) 
